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^ (57) Abstract: A power amplifier system (1) comprises a control circuit; a power amplifier (3) and a delay device (8). The control 
CD circuit comprises a detector (4) for detecting an instantaneous power level of an input signal; a threshold comparator (5); and a power 
2 supply voltage source (6). The threshold comparator is provided with a plurality of preset thresholds (TH lf TH 2 , TH 3 ); wherein the 

threshold comparator compares the detected power level with the preset thresholds; wherein the power supply voltage (V lt V 2 , V 3 
Q and V 4 ) is switched according to the output of the threshold comparator, and wherein the delay device (8) delays the input signal 

to the power amplifier to enable the power supply voltage to be adapted to the detected power level, such that the efficiency of the 

power amplifier (3) is optimised. 
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A POWER AMPLIFIER SYSTEM 

This invention relates to a linear power amplifier system, in particular for use 
with 3 rd generation mobile communication systems. 

Power amplifiers can be generally categorised into three modes of operation, 
class A, B and C. For a linear amplifier a class A or class B amplifier amplifies a 
sinusoidal signal, so maximum efficiency is achieved if the output is a sinewave 
extending over the full range of voltage and minimum efficiency is achieved if the 
sinewave amplitude is minimum. Class B amplifiers are biased at zero, so the output 
produces current pulses with half the cycle missing which is reconstituted by 
subsequent filtering. Class C amplifiers are negatively biased and non-linear, in this 
case a low signal level also leads to low efficiency. 

Mobile communications systems have in the past used constant amplitude radio 
waves, so it was possible to adapt the amplifier design for maximum efficiency given 
that the signal amplitude was known. However, 2 nd generation multi-carrier operation 
and 3 rd generation mobile communication require linear power amplifiers to operate 
with amplitude- variant radio frequency (RF) signals. Therefore, the power amplifier, 
designed to be able to deliver the maximum peak envelope power, is usually fed with a 
constant voltage power supply that is dimensioned to deliver the peak power and so is 
highly inefficient because the instantaneous envelope power is well below the peak 
power most of the time. Thus, the amplifier unnecessarily dissipates excess power due 
to the large constant power supply voltage. 

Several different methods have been cited to improve the efficiency of linear 
power amplifiers. One method is based on the envelope elimination and restoration 
(EER) technique. This method has severe bandwidth limitation and therefore is not 
suitable for the amplification of the broadband signals used in the current mobile 
communication systems. 

Another method is based on the principle of the Doherty amplifier. Both the 
EER and the Doherty amplifiers suffer from spectral spreading effects and bandwidth 
limitation and so are not used in current communication systems. 

US2002/0084844 describes a system in which first and second amplifier stages 
are provided, such that if a signal power level is below a predetermined threshold, the 
signal is directed to a first stage amplifier to amplify the input signal and if the level is 
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above the threshold the signal is directed to the second stage amplifier. This system is 
somewhat limited in its application since it views the input signal as being simply low 
power or high power. Furthermore, it is inefficient in hardware terms because of the 
requirement to construct two amplifier stages, although only one will ever be used at 
5 any time. 

In accordance with a first aspect of the present invention, a power amplifier 
system comprises a control circuit; a power amplifier and a delay circuit; wherein the 
control circuit comprises a detector for detecting an instantaneous power level of an 
input signal; a threshold comparator; and a power supply voltage source; wherein the 
10 threshold comparator is provided with a plurality of preset thresholds; wherein the 
threshold comparator compares the detected power level with the preset thresholds; 
wherein the power supply voltage is switched according to the output of the threshold 
comparator; and wherein the delay device delays the input signal to the power amplifier 
to enable the power supply voltage to be adapted to the detected power level, such that 
15 the efficiency of the power amplifier is optimised. 

The present invention provides an efficient linear power amplifier in which the 
power supply voltage to the amplifier is changed according to the threshold reached by 
the detected input signal power level. Multiple thresholds are preset and associated 
with a suitable power supply voltage. This is a flexible system which provides a 
20 significant improvement in efficiency over conventional systems. 

Preferably, the power supply voltage source comprises a plurality of preset 
power supply voltages associated with respective power level thresholds. 

The system may be operated with two preset thresholds, but preferably, at least 
three preset thresholds are provided. 
25 Preferably, at least four preset power supply voltages are provided. 

Preferably, the system further comprises a pulse shaping filter. 
Preferably, the power amplifier is a Class B amplifier and a filter is provided at 
the output of the amplifier to reconstitute the amplified input signal. 

In accordance with a second aspect of the present invention, a code division 
30 multiple access (CDMA) communication system comprises a power amplifier 
according to the first aspect. 



# * 



WO 2004/019486 ^^T/GB2003/003414 

3 

CDMA systems use radio waves which have varying amplitudes, but the 
present invention is able to cope with this whilst maintaining efficiency of the amplifier 
by switching the power supply voltage according to the input signal power level. 

In accordance with a third aspect of the present invention, a method of 
5 operating a power amplifier system comprises detecting an instantaneous power level 
of an input signal; comparing the detected power level with a plurality of preset 
thresholds; switching a power supply voltage according to the output of the 
comparison; and delaying the input signal to the power amplifier to enable the power 
supply voltage to be adapted to the detected power level, such that the efficiency of the 
10 power amplifier is optimised. 

Preferably, a plurality of power supply voltage levels associated with respective 
power level thresholds are preset. 

An example of a power amplifier system in accordance with the present 
invention will now be described with reference to the accompanying drawings in 
15 which: 

Figure 1 is an example of a power supply system according to the present 
invention; 

Figure 2 illustrates variation in input power for an input signal using the system 
of Fig. 1; and 

20 Figure 3 illustrates the corresponding variation in power supply voltage for the 

power amplifier of the system of Fig. 1 . 

Figure 1 shows one example of a power amplifier system 1 according to the 
present invention. An amplitude variant source signal 2, containing information that is 

25 to be transmitted, is input to the system. The signal follows a first path to a power 

amplifier 3 via a control circuit. The control circuit comprises an envelope detector 4, 
which provides a value that is proportional to the instantaneous power of the input 
signal 2. This value is applied to a threshold detector 5 which has N, in this case 3, 
preset thresholds, although more can be set if appropriate. An output of the threshold 

30 detector 5 controls switching of a switch unit 6 between N+l, in this case 4, discrete 
power supply voltages for the power amplifier. The chosen voltage then passes 
through a pulse shaping filter 7 to the power amplifier 3. The signal follows a second 
path to the power amplifier via a time delay 8, so that the power supply voltage of the 
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power amplifier is set to the correct value before the signal to which it relates is 
amplified in the power amplifier 3. 

In operation, the threshold detector 5 compares pre-set threshold values TH|, 
TH 2 , and TH3 with the value representing the instantaneous power provided by the 
5 envelope detector 4. The output of this comparison provides a control signal to turn the 
appropriate switch on in the switch unit 6. In this example, if the instantaneous 
envelope of the signal 2 is below threshold THi, then a voltage V! is applied to the 
power amplifier 3. If the envelope is between thresholds THj and TH 2 , then a voltage 
V 2 is applied to the power amplifier; if the envelope is between thresholds TH 2 and 
TH 3 , then a voltage V 3 is applied to the power amplifier and finally, for all envelope 
values above the pre-set threshold TH3, a voltage, V 4 is selected by the switch unit 6. 

It should be noted that the invention is not restricted to three discrete threshold 
values, and in fact any number may be used. The number of pre-set threshold values 
and the corresponding supply voltages are determined to match the properties of the 
transmitted signal and the characteristics of the power amplifier. 

A further feature of the present invention is the provision of the pulse-shaping 
filter 7. This filter limits the slew rate of the power supply voltage as the DC voltage is 
switched between the discrete values. This in turn minimizes the undesirable spectral 
spreading of the transmitted signal that may be caused by the power amplifier as the 
supply voltage is varied. 

The purpose of the time delay 8 in the second path is to match the overall delay 
in the first path containing the envelope detector 4, the threshold detector 5, the switch 
unit 6 and the pulse-shaping filter 7 with the delay of the power amplifier. This ensures 
that the signal and the appropriate power supply voltage are applied synchronously at 
the correct instant. 

Fig. 2a illustrates an example of how the instantaneous power determined in the 
envelope detector 4 varies for a particular input signal. The graph shows normalised 
power against time and three thresholds THi, TH 2 and TH3 for the normalised power 
are set, at values of 0.9, 0.5 and 0.2 respectively. From Fig. 2b it is possible to see how 
the power supply voltage changes with each threshold transition. A normalised DC 
voltage is shown against time. It takes a finite period of time to reach the new value, 
hence the need to delay the signal into the power amplifier, so that the power supply 
voltage is correct. 
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The time delay 8, envelope detector 4 and threshold detector 5 may be 
implemented digitally in the baseband section of a transmitter or alternatively these 
elements may be realized by analog circuitry. The efficiency improvement described 
herein is applicable in conjunction with both feed forward and pre-distortion 
5 linearisation techniques. 
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CLAIMS 

1. A power amplifier system, the system comprising a control circuit; a power 
amplifier and a delay circuit; wherein the control circuit comprises a detector for 

5 detecting an instantaneous power level of an input signal; a threshold comparator; and a 
power supply voltage source; wherein the threshold comparator is provided with a 
plurality of preset thresholds; wherein the threshold comparator compares the detected 
power level with the preset thresholds; wherein the power supply voltage is switched 
according to the output of the threshold comparator; and wherein the delay device 

0 delays the input signal to the power amplifier to enable the power supply voltage to be 
adapted to the detected power level, such that the efficiency of the power amplifier is 
optimised. 

2. A power amplifier system according to claim 1, wherein at least three preset 
5 thresholds are provided. 

3. A power amplifier system according to claim 1 or claim 2, wherein the power 
supply voltage source comprises a plurality of preset power supply voltages associated 
with respective power level thresholds. 

0 

4. A power amplifier system according to claim 3, wherein at least four preset 
power supply voltages are provided. 

5. A power amplifier system according to any preceding claim, wherein the 
5 system further comprises a pulse shaping filter. 

6. A power amplifier system according to any preceding claim, wherein the power 
amplifier is a Class B amplifier and wherein a filter is provided at the output of the 
amplifier to reconstitute the amplified input signal. 



7. A CDMA communication system comprising a power amplifier according to 
any preceding claim. 
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8. A method of operating a power amplifier system, the method comprising 
detecting an instantaneous power level of an input signal; comparing the detected 
power level with a plurality of preset thresholds; switching a power supply voltage 
according to the output of the threshold comparator; and delaying the input signal to the 

5 power amplifier to enable the power supply voltage to be adapted to the detected power 
level, such that the efficiency of the power amplifier is optimised. 

9. A method according to claim 8, wherein a plurality of power supply voltage 
levels associated with respective power level thresholds are preset. 
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